Introduction
Vouchers are increasingly being used to encourage the utilization of maternity services with the objective of bringing neonatal and maternal mortality rates closer to the targets set by Millennium Development Goals 4 and 5. Vouchers have been introduced in Bangladesh, [1] [2] [3] China, India, 4 Indonesia, Kenya, 5, 6 Pakistan 7 and Uganda and have been associated with increased utilization of maternal health care. 8, 9 However, since other interventions have been implemented at the same time, one cannot be sure that the increase is attributable to vouchers alone. Given the presence of alternative interventions that can influence the demand for, and supply of, maternal health care, 10 it is important to have evidence that voucher schemes of varying designs can be effective in different geographical and cultural contexts. The aim of this study was to examine the influence of vouchers on the utilization of maternal health care in Cambodia.
During the last decade, there has been a remarkable increase in the utilization of maternal health services in Cambodia. Coverage by skilled birth attendants has increased from 32% in 2000 to 71% in 2010, while the proportion of deliveries taking place in health-care facilities rose from 10% to 54%. 11 Maternal health-care vouchers, which were introduced in 2007 and are now available in about one third of the country, may have contributed to these improvements. These vouchers can be used to pay for antenatal care, delivery and postnatal care at public health-care facilities whose costs are reimbursed by donor-financed agencies.
Unlike the voucher schemes operating in most other countries, 9, 12 those in Cambodia do not cover a range of providers but are, instead, restricted to subsidizing maternity care at public facilities, mainly health centres. As such, the vouchers function as fee waivers. In addition, the schemes have two other important features: health-care facilities are reimbursed for the care provided and women are given information encouraging them to use maternal health care in these facilities.
Between 2007 and 2010, voucher schemes were implemented in 22 of 77 operational health districts in Cambodia. In 14 districts, the voucher scheme was universal, whereas in 8 it targeted the poorest women (detailed information on the roll out of the voucher schemes is available from the authors on request). In both types of scheme, pregnant women were identified mainly by local health volunteers, who distributed the vouchers and provided advice on safe motherhood at village meetings with the aim of making women aware of the benefits of using maternal health care at public facilities.
At the end of each month, health centres were paid for each voucher coupon collected in accordance with the posted user fees. In principle, the universal voucher scheme provided reimbursement only when all components of a package of antenatal care, delivery and postnatal care had been completed. But, in practice, a health centre may have been paid for a delivery even though it did not provide proof that the woman had completed all the required antenatal and postnatal care visits and women may not have been reimbursed for fees they paid for antenatal care after completion of the care package. Table 1 provides details of the two types of voucher schemes.
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Objective To evaluate the effect of vouchers for maternity care in public health-care facilities on the utilization of maternal health-care services in Cambodia. Methods The study involved data from the 2010 Cambodian Demographic and Health Survey, which covered births between 2005 and 2010. The effect of voucher schemes, first implemented in 2007, on the utilization of maternal health-care services was quantified using a difference-in-differences method that compared changes in utilization in districts with voucher schemes with changes in districts without them. Findings Overall, voucher schemes were associated with an increase of 10.1 percentage points (pp) in the probability of delivery in a public health-care facility; among women from the poorest 40% of households, the increase was 15.6 pp. Vouchers were responsible for about one fifth of the increase observed in institutional deliveries in districts with schemes. Universal voucher schemes had a larger effect on the probability of delivery in a public facility than schemes targeting the poorest women. Both types of schemes increased the probability of receiving postnatal care, but the increase was significant only for non-poor women. Universal, but not targeted, voucher schemes significantly increased the probability of receiving antenatal care. Conclusion Voucher schemes increased deliveries in health centres and, to a lesser extent, improved antenatal and postnatal care. However, schemes that targeted poorer women did not appear to be efficient since these women were more likely than less poor women to be encouraged to give birth in a public health-care facility, even with universal voucher schemes.
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To isolate the effect of vouchers on the utilization of maternal health care, it is important to control for other interventions that could have an influence. Since 1999, various forms of performance-based financing have linked the funding of public health-care facilities in some operational districts to predefined targets, most of which involved the provision of maternal and child health services.
14 Health equity funds and a government fee waiver scheme compensate facilities, mostly hospitals, for exempting poor patients from the need to pay fees. 15, 16 In addition, at the end of 2007, the government introduced the nationwide Midwife Incentive Scheme, which pays midwives 10 United States dollars (US$) for each live birth they attended in a referral hospital and US$ 15 for each delivery they attended in a health centre, on top of the fee charged to the patient.
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Methods
We used data from the 2010 Cambodian Demographic and Health Survey (DHS), a nationally representative sample of 18 754 women of reproductive age. The 18 (including 4 that changed from a targeted scheme) Benefit package i) Three antenatal care visits, delivery and one postnatal care visit at a contracted health-care facility; ii) reimbursement of transportation costs for up to five trips between home and the nearest health-care facility, or arranged transportation; iii) fees for hospital referral covered by a health equity fund.
i) Four antenatal care visits, delivery and one postnatal care visit within 24 hours at a contracted health-care facility; ii) transportation costs covered in three operational districts; iii) fees for hospital referral covered only if a health equity fund was operating. Health-care facility compensation i) The facility was paid according to posted user fees (i.e. US$ 7.50 for each delivery and US$ 0.25 for each antenatal or postnatal care visit); ii) in a few operational districts only, the facility was paid even if a referral was made to a hospital for delivery.
i) The facility was paid US$ 10 per package of four antenatal care visits, delivery and one postnatal care visit; ii) the facility was paid even if a referral was made to a hospital for delivery. women were asked about their use of maternal health care for pregnancies in the previous 5 years. We concentrated on services covered by the voucher schemes: antenatal care, birth (i.e. delivery) in a public health-care facility and postnatal care from a skilled provider. Table 2 describes how, and for which births, outcome variables were assessed and reports the mean value of each outcome variable observed in the 2010 Cambodian DHS sample.
In estimating the effect of vouchers on the utilization of maternity services, we controlled for characteristics of the child, mother, household and operational district (Table 3) . Covariates for the child included the child's sex, the mother's age at childbirth and indicators of a short birth interval and of birth order. Maternal characteristics were the mother's age at first marriage, experience with modern contraception and educational level. Household socioeconomic status was estimated using quintiles of a wealth index that was devised by principal component analysis of a set of household assets and dwelling characteristics. 18 Other household covariates included the age and sex of the head of the household. Time-invariant differences across districts were taken into account by including an indicator for each operational district. In addition, we included indicators of whether or not a health equity fund, a government fee-waiver scheme or performancebased financing was in place in the operational district at the time of each child's birth and an indicator of whether the village location was urban or rural. We confirmed that the results of the study were not substantially affected by using a single indicator for any type of performance-based financing instead of separate indicators for the different types of performance-based financing that may have been in place during the study period. Data from the Cambodia Health Coverage Plan indicated that there were no systematic or substantial differences in the supply of health care at baseline between operational districts that implemented a voucher scheme and those that did not (details are available from the authors on request).
The Global Positioning System codes of the sample clusters in the 2010 Cambodian DHS were used to identify the operational district within which each commune was located. However, for reasons of confidentiality, the Global Positioning System codes were made slightly inaccurate and we were unable to identify the operational districts of 82 communes out of a total of 611. Since 27 of these 82 unmatched communes were located close to Phnom Penh, the mothers resident in them (i.e. 13% of the total) were somewhat better-off than average and more likely to live in an urban area. No other important difference in covariates was found between the matched and unmatched communes.
Statistical analysis
We assessed the effect of a voucher scheme by comparing changes in the utilization of maternal health care in operational districts in which the scheme was introduced in the period from 2005 to 2010 (i.e. intervention districts) with changes in districts that did not introduce vouchers during the same period (i.e. control districts). We assumed that, after taking covariates into account, the use of maternal was not associated with the introduction of a voucher scheme were derived using t tests. This involved regressing each covariate on a set of birth period and district fixed effects, as well as on an indicator for the operation of a voucher scheme within the period and district, and testing whether the coefficient for the voucher scheme indicator was zero. Subsidies for maternal health care in Cambodia Ellen Van de Poel et al.
health care in intervention districts would have evolved in the same way in the absence of vouchers as it did in the control districts -the common trends assumption. Under this assumption, the plausibility of which is assessed in the results section, the difference-indifferences strategy isolates the part of the before-and-after change that is attributable to the effect of vouchers. 19 We implemented this strategy by estimating a logit model for each maternal health care utilization measure (i.e. antenatal care, delivery and postnatal care). The model included: an indicator of whether a voucher scheme was operating in the district at the time of pregnancy or delivery; indicators of the month and year of each child's birth, which captured any time variation in utilization that was assumed to be common to intervention and control districts; a full set of district (fixed) effects that captured time-invariant differences between districts; and time-varying child, mother and district covariates that allowed for any differences in trends in these observable determinants between intervention and control districts and also increased precision. In examining the choice of place of delivery, we estimated a multinomial logit model with a birth year indicator instead of birth month and year indicators, as this model had difficulty converging with the larger number of time variables.
For each maternal health-care utilization measure, we present the estimated effect of the voucher scheme as the resulting change in the predicted probability of utilization averaged over all births taking place in intervention districts when the voucher scheme was operational. This corresponds to the estimated average effect of the voucher scheme among pregnant women and women giving birth in the intervention districts. 20 We evaluated whether the effect of the voucher scheme on the behaviour of poor and non-poor women differed using, for each maternal health-care measure, an extended logit model that included the interaction between the voucher scheme indicator and an indicator of whether or not the household was in the bottom two wealth quintiles. Although the second indicator was intended to identify the poorest women, it did not use the same definition of poverty as targeted voucher schemes, which would probably, in any case, have made inclusion and exclusion errors in identifying the poor. The effect of the voucher scheme indicator was calculated for the poorest 40% of women and for the remaining 60%, to whom we refer as the "poor" and "non-poor", respectively.
We assessed the differential effect of the two types of voucher scheme by replacing the single indicator for any voucher scheme by two indicators for the universal and targeted voucher schemes, respectively. In addition, we examined whether the effects of the two voucher schemes differed by poverty status. In four operational districts, there was a transition from a targeted scheme to a universal scheme during the study period. We decided which of the two voucher scheme indicators to use by comparing the child's date of birth with the date on which the transition occurred. Research
Standard errors were adjusted for clustering at the operational district level to allow for any shocks to the outcome at that level which may be correlated over time, such as the outbreak of an infectious disease or fluctuations in the local economy. Such shocks could have resulted in an overstatement of the precision of the estimates. 21, 22 The significance of the effects was evaluated using Z-tests. All statistical calculations were performed using Stata version 12 (StataCorp. LP, College Station, United States of America). NA, not applicable; SE, standard error; *, P < 0.10; **, P < 0.05; ***, P < 0.01 (Z test of no effect). a The table shows the partial effect of the voucher schemes on the probability of each outcome, in percentage points, estimated using logit models that included the covariates listed in Table 3 plus the birth period (i.e. month and year) and district fixed effects. The effect of a voucher scheme was averaged over all births in intervention districts when the voucher scheme was in operation. b SEs were adjusted for clustering at the operational district level. c Women in the poorest 40% of households, as determined using a wealth index, were regarded as poor. Non-poor women were from the other 60% of households. SE, standard error; *, P < 0.10; **, P < 0.05; ***, P < 0.01 (Z test of no effect). a The table shows the average partial effect of the voucher schemes on the probability of delivery at each facility, in percentage points, derived from multinomial logit models (using 7180 observations) with the covariates listed in Table 3 plus district fixed effects and birth year effects. b Women in the poorest 40% of households, as determined using a wealth index, were regarded as poor. Non-poor women were from the other 60% of households. c Schemes targeted poor women. Note: Data were obtained from the 2010 Cambodian Demographic and Health Survey.
Results
Overall, the use of maternal health care increased substantially between 2001 and 2009. Fig. 1 shows the trends in the use of antenatal care, delivery in a public health-care facility and postnatal care in both intervention and control districts.
To examine the plausibility of our assumption that there was a common trend in the way the use of maternal health care would have changed in intervention and control districts in the absence of vouchers, we used data from both 2005 and 2010 Cambodian DHSs, which enabled us to examine data on births from as early as 2000. Fig. 1 shows that the trends in each outcome were reasonably parallel before the start of the voucher schemes in 2007. Thereafter, they began to diverge, especially the trend for postnatal care. In addition, the data presented in Table 3 also give credibility to the common trend assumption: the means of the household and mother covariates at baseline in 2005 were similar in the future intervention and control districts and the null hypothesis that there was no association between the introduction of a voucher scheme and the change in the mean of each covariate was never rejected (i.e. the P-values from t tests all exceeded 0.1). Fig. 2 shows the sharp decrease in home births and the increase in births in public health-care facilities that occurred in both intervention and control districts between the 2005 and 2010 Cambodian DHSs. The proportion of home births fell more in districts in which a voucher scheme had been implemented by 2010 than in those with no voucher scheme. Table 4 shows the estimated average effect of voucher schemes on the utilization of antenatal care, delivery at a public health-care facility and postnatal care. The probability that delivery would take place in a public health-care facility was significantly and substantially increased, by 10.1 percentage points (pp), following the implementation of a voucher scheme. In addition, the probability of receiving postnatal care was increased by 5.3 pp. Voucher schemes had no significant effect on the probability that a woman would receive at least three antenatal care visits, although the estimate is positive. Voucher schemes increased the probability of delivery at a public health-care facility more for women in the poorest 40% of households than for non-poor women: the probability increase in the two groups was 15.6 pp and 5.3 pp, respectively. In addition, Table 4 also shows the specific effects of the universal and targeted voucher schemes. The universal scheme increased the probability that a woman would receive antenatal care by 5.4 pp; among the poor, the increase was 10.1 pp. The effect on the probability of delivery at a public health-care facility was also positive for both types of scheme, although it was larger and more significant for the universal scheme. For both types of scheme, the effect was larger among the poor: the probability of delivery at a public health-care facility for poor women was increased by 11.3 pp and 17.8 pp with the targeted and universal schemes, respectively. Moreover, the effect on the probability of receiving postnatal care was significant for both types of scheme only among the non-poor: the probability increase was 5.6 pp and 6.0 pp with the targeted and universal schemes, respectively. Table 5 shows the estimated effect of voucher schemes on the probability of giving birth at one of three types of health-care facilities -public hospitals, public health centres and private facilities -as derived using the multinomial model. Voucher schemes increased the probability of delivery at a health centre by 7.4 pp; among the poor, the increase was 10.5 pp. In contrast, there was no significant effect on delivery at a public hospital or private facility. The main shift was, therefore, from delivery at home to delivery at a health centre. The estimated effect of vouchers on the location of delivery was similar for universal and targeted schemes.
Discussion
Vouchers for maternal health care at public facilities contributed to the substantial increase in the number of deliveries taking place in these facilities in Cambodia. The operation of voucher schemes raised the probability that a woman would give birth in a public facility by around 10 pp. This corresponds to about one fifth of the average increase during the study period in the proportion of births taking place in these facilities in districts with voucher schemes; the proportion increased from 17% in 2005 to 68% in 2010. Other interventions, such as incentive payments to midwives, were relatively more important at the national level.
Our study, like most similar studies, was not able to detect meaningful changes in maternal or neonatal mortality associated with the introduction of vouchers. The size of the sample would have enabled us to detect a minimum change in neonatal mortality of about 2 pp, which is two thirds of the average mortality rate in the sample. However, by using a central estimate from the literature that institutional delivery lowers the probability of neonatal death by 0.29 in low-and middle-income countries, 23 we estimate that the introduction of vouchers would produce a 3% relative reduction in neonatal mortality.
In our study, voucher schemes were associated mainly with a shift from delivery at home to delivery in public health centres. There was no significant effect on the probability of delivery in public hospitals. Nor was there a significant effect on the caesarean section rate (data not reported). Although no data were available on the direct effect of vouchers on referrals, the fact that vouchers did not influence the probability of delivery in a public hospital or the caesarean section rate suggests that voucher schemes were not encouraging health centres either to refrain from referring problematic cases to hospitals so they could retain the reimbursement or to prefer normal deliveries and leave complicated deliveries unsupervised at home. 24 Moreover, any unintended incentive to refrain from referring problematic deliveries to hospital is minimized with universal voucher schemes, which ensure that health centres are paid even when a referral is made. Furthermore, when we analysed deliveries at home according to whether the birth was supervised by a skilled attendant or an untrained attendant, usually a traditional birth attendant, we found no significant effects of vouchers on the former category (data not reported), which suggests that vouchers encouraged women who would otherwise have given birth at home without a skilled attendant to give birth in a health centre.
The effect of voucher schemes on the probability of delivery in a public health-care facility was significant for poor women but not for non-poor women. This observation was true even for universal schemes, which suggests that mainly the poorest women were encouraged by vouchers to give birth in a public facility, perhaps because of a perception that the quality of care is lower and staff attitudes are worse than in private facilities. 13 Targeting may, therefore, increase the administrative costs of a voucher scheme without having an effect on how different population groups benefit from the vouchers.
Research
Only universal voucher schemes had a significant impact on the probability of receiving antenatal care. This may have been because universal voucher schemes funded more antenatal care visits than targeted schemes (Table 1) and because they were designed to reimburse the package of care as a whole. However, both schemes did increase the probability of receiving postnatal care from a skilled provider, but the effect was significant only among non-poor women, perhaps because more women were classified as non-poor than poor. Moreover, we had no information on where postnatal care was received and it is possible that the existence of voucher schemes increased awareness among non-poor women and encouraged them to visit private facilities.
The only other study of a maternal health-care voucher scheme that was capable of quantifying its effects was carried out in Bangladesh. It found a slightly larger increase in the probability of institutional delivery than our study -14 pp -and a much larger increase in the probability of receiving three antenatal care visits -24 pp.
1 However, the Bangladesh scheme was more generous and included a US$ 30 conditional cash transfer.
The nonrandomized implementation of voucher schemes in Cambodia prevents us from ruling out the possibility that our findings may have been biased by the existence of another programme, or some other confounder, that was present at the same time as the voucher schemes and may have influenced the utilization of maternity care. However, we reduced the risk of this occurring by controlling for the presence of various performance-based financing and fee waiver schemes. In addition, we also reduced the risk of bias by controlling for child, mother and household characteristics, which helped to ensure that the composition of the intervention and control groups was comparable over time. Our assumption that there was a common trend in the way the use of maternal health care would have changed in intervention and control districts in the absence of vouchers was supported by data showing that the trends in maternity care use and covariates were similar in intervention and control districts before the introduction of voucher schemes and by the observation that there was no difference between intervention and control districts in the trends in covariates after their introduction.
Since we estimated the effect of a voucher scheme on all pregnant women living in the district in which it was operating, the effect should be interpreted as an intention-to-treat effect. Consequently, if coverage of the target population was incomplete, the actual effect of the voucher scheme would have been greater. Notwithstanding these limitations, our results suggest that voucher schemes for maternity care in public health-care facilities can increase deliveries in health centres and, to a lesser extent, improve antenatal and postnatal care. Unfortunately we were not able to assess the cost-effectiveness of voucher schemes in Cambodia because we had no data on costs. Cost information is important for comparing voucher schemes for public health care with conditional cash transfer schemes or schemes in which vouchers can be traded for care provided by the private sector with the aim of stimulating competition between providers and improving quality. ■ Результаты В целом, использование ваучеров было связано с увеличением на 10,1 процентных пункта (п.п.) вероятности принятия родов в учреждении общественного здравоохранения; среди женщин из беднейших 40% домохозяйств рост составил 15,6 п.п. На ваучеры приходилось около 20% от общего увеличения числа родов в медицинских учреждениях в районах, реализовывавших данные программы. По сравнению с программами, ориентированными на женщин из беднейших слоев населения, универсальные ваучерные программы имели больший эффект на вероятность принятия родов в учреждении общественного здравоохранения. Оба типа программ увеличили вероятность получения послеродового ухода, но увеличение было значительным только для женщин, не принадлежавших к бедным слоям населения. Универсальные, а не ориентированные на определенные слои населения, ваучерные программы значительно увеличили вероятность получения дородовой помощи. Вывод Ваучерные программы привели к увеличению числа родов в медицинских центрах и, в меньшей степени, к улучшению дородовой и послеродовой помощи. Однако, программы, ориентированные на менее обеспеченных женщин, по-видимому оказались неэффективными, поскольку эти женщины вероятно нуждались в большем поощрении к родам в государственных медицинских учреждениях, даже при реализации универсальных ваучерных программ, чем женщины из менее бедных слоев населения.
Resumen ¿Pueden los bonos ayudar a los partos? Evaluación de los subsidios para la atención sanitaria materna en Camboya
Objetivo Evaluar el efecto de los bonos para atención sanitaria materna en centros de salud públicos sobre la utilización de los servicios de atención sanitaria materna en Camboya. Métodos El estudio incluyó datos de la Encuesta demográfica y sanitaria de Camboya del año 2010, que recolecta los nacimientos que tuvieron lugar entre 2005 y 2010. Se cuantificó el efecto de los sistemas de bonos, puestos en práctica por primera vez en el año 2007, sobre la utilización de los servicios de atención sanitaria materna por medio de un método de diferencia de diferencias que comparó los cambios en la utilización de dichos servicios en los distritos con sistemas de bonos respecto a los de los distritos sin sistemas de bonos.
Resultados En general, los sistemas de bonos están asociados con a un aumento de 10,1 puntos porcentuales (pp) en la probabilidad de parto en un centro público de atención sanitaria; entre las mujeres del 40% de los hogares más pobres, el aumento fue de 15,6 pp. Los bonos fueron responsables de alrededor de una quinta parte del incremento observado en los partos institucionales en los distritos con programas. Los sistemas de bonos universales tuvieron un efecto mayor sobre la probabilidad de dar a luz en un centro público que los sistemas destinados a las mujeres más pobres. Ambos tipos de sistemas aumentaron la posibilidad de recibir atención postnatal, pero dicho incremento fue significativo solo para las mujeres que no eran pobres. Los sistemas de bonos universales no dirigidos a un grupo en concreto aumentaron notablemente la probabilidad de recibir atención prenatal. Conclusión Los sistemas de bonos aumentaron el número de partos en los centros de salud y, en menor medida, mejoraron la atención prenatal y postnatal. Sin embargo, los sistemas dirigidos a las mujeres más pobres no parecen ser eficientes, ya que estas mujeres ya tenían más probabilidades que las mujeres menos pobres de que se les animara a dar a luz en un centro público de atención sanitaria , incluso con los sistemas de bonos universales.
